The VCO (Valve Covered Orifice) nozzle is known to reduce unburned hydrocarbon emission from direct-injection diesel engine. However, high-pressure fuel injection causes needle eccentricity which results in non-uniformity of sprays and deterioration of emission characteristics. Present study numerically investigates the needle eccentricity effects on the internal flow of the large-scaled VCO nozzle by using STAR-CCM+ (ver. 8.02.011), and obtained results are compared with those of a corresponding experiment. Swirling flow is formed in the nozzle hole due to the needle eccentricity. As increasing the swirl strength, air entrainment from the nozzle hole outlet is generated, and spray cone angle is decreased. However, in the range of large needle eccentricity, growth of the swirling flow decays, and the spray cone angle is saturated at certain value. These tendencies are also observed in the experiment. Thus, it is confirmed that the present numerical simulation reproduce the actual phenomena qualitatively. Furthermore, effects of edge curvature of the nozzle hole inlet is also numerically investigated as a key factor acting on the internal flow characteristics. As the edge curvature increases, the swirling flow in the nozzle hole considerably grows, and the air entrainment into the nozzle hole is greatly enlarged. Also, spray characteristics is extremely changed.
and Chigier, 1976）．   Fig. 3 Transition of streamlines in the nozzle hole. Swirling flow is generated due to the needle eccentricity. As increasing the swirl strength, air entrainment into the nozzle hole outlet, which is illustrated as blue lines, is observed. Fig. 4 Void fraction in the nozzle hole. Air entrainment into the nozzle hole outlet is illustrated. Fig. 5 Gauge pressure in the nozzle hole. In the condition with no needle eccentricity (E=0.000mm), twin vortices locate at the nozzle hole inlet. As increasing the eccentricity, the vortices gradually merge to single structure. 依存するという理由から，X/L=0.050 における運動量フラックスおよびスワール数ついて考察を行う． Fig. 9 Comparison of spray cone angles for different estimation methods. Another model of the VCO nozzle with chambers is computed, and its spray cone angle based on void fractions is directly measured by using visualization software. The result estimated by Eq. (2) shows good agreement with that by the visualization. Therefore, Eq. (2) is confirmed to be valid for calculating the spray cone angle. Fig. 10 Comparison of spray cone angles for different edge curvatures of the nozzle hole inlet. As shown in Fig. 13 , attenuation of air entrainment recovers water flow passage, and results in decrease of the axial velocity. Therefore, the spray cone angle, which is greatly affected by the velocity field, is much sensitive to the edge curvature. Fig. 11 Comparison of momentum fluxes at X/L=0.050 for different edge curvatures of the nozzle hole inlet. As decreasing the edge curvature, flows are gradually contracted and the momentum fluxes consequently increase; however, as shown in Fig. 12 , a swirl number decreases and air entrainment from the nozzle hole outlet decays. Therefore, the internal flow state is confirmed to depend on the swirl number. Fig. 12 Comparison of swirl numbers at X/L=0.050 for different edge curvatures of the nozzle hole inlet. Despite of the geometric condition, each air entrainment from the nozzle hole outlet is generated at the equivalent swirl number.
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Thus, the internal flow state is obviously classified by the swirl number. Fig. 13 Void fraction in the nozzle hole (r/R=20%). r is an edge curvature radius of the nozzle hole inlet, and R is a nozzle hole radius. At E > 0.200mm, attenuation of air entrainment is observed to be decayed. This phenomenon relates flow passage balance resulting from the needle eccentricity.
